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Summary
Objective: This cross-sectional study examined the association of limb length inequality (LLI) with chronic joint symptoms at the hip and knee
in a large, community-based sample, adjusting for the presence of radiographic osteoarthritis (OA) and other confounders.
Methods: The total study group comprised 3012 participants with complete knee symptoms data, 3007 participants with complete hip symp-
toms data, and 206 with LLI 2 cm. Presence of chronic knee symptoms was deﬁned as report of pain, aching, or stiffness (symptoms) of the
knee on most days. Presence of chronic hip symptoms was deﬁned as hip pain, aching, or stiffness on most days or groin pain. Multiple
logistic regression models were used to examine the relationship of LLI with knee and hip symptoms, while adjusting for demographic and
clinical factors, radiographic knee or hip OA and history of knee or hip problems (joint injury, fracture, surgery, or congenital anomalies).
Results: Participants with LLI were more likely than those without LLI to have knee symptoms (56.8% vs 43.0%, P< 0.001), and hip symptoms
(49.5% vs 40.0%, P¼ 0.09). In adjusted models, knee symptoms were signiﬁcantly associated with presence of LLI (adjusted odds ratio
[aOR]¼ 1.41, 95% conﬁdence interval, [95% CI] 1.02e1.97), but the relationship between hip symptoms and LLI (aOR¼ 1.20, 95% CI
0.87e1.67) was not statistically signiﬁcant.
Conclusion: LLI was moderately associated with chronic knee symptoms and less strongly associated with hip symptoms. LLI may be a new
modiﬁable risk factor for therapy of people with knee or hip symptoms.
ª 2008 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
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Chronic joint symptoms, including joint pain, aching, and
stiffness, may contribute to impaired daily function and qual-
ity of life. The prevalence of chronic joint symptoms is high
in the United States adult population (18 years and older). In
2005, an estimated 30.7% of the civilian non-institutional-
ized adult population, after adjusting for age, reported joint
pain during the 30 days prior to interview1. Among adults
with chronic joint symptoms, 43.3e57.9% have reported
associated activity limitations2. While joint symptoms can
often result from injuries or joint disorders, these symptoms
can also be caused or exacerbated by injuries, chronic joint
disorders, and mechanical factors, such as obesity, joint
malalignment, and joint instability3e6. Limb length inequality
(LLI), a condition in which paired lower extremities are of*Address correspondence and reprint requests to: Joanne M.
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596unequal length, is another mechanical factor that may
also contribute to abnormal lower limb joint loading and
symptoms7e10. LLI alters gait symmetry and joint mechan-
ics during weight bearing, potentially contributing to atypical
compressive and tensile stresses on the joint structures of
the lower limb7,11,12. Increased pressure on a joint structure
or pulling of soft tissues around a joint may then result in
joint symptoms. Five reports suggest an association
between LLI and knee or hip pain, but four of these studies
examined only athletes and one was primarily based on
observations in a clinical setting7e9,13,14.
In the Johnston County Osteoarthritis Project (JoCo OA),
a community-based sample of African American and Cau-
casian men and women, we recently reported that LLI
was associated with radiographic knee and hip osteoarthri-
tis (OA), a chronic degenerative disorder of the joints that
can result in pain, aching, and stiffness15. Because the
presence of chronic joint symptoms is an outcome that
can result from other conditions in addition to OA, we exam-
ined the association of LLI with chronic joint symptoms in
this cohort, adjusting for the presence of radiographic OA.
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with chronic symptoms were modiﬁed by other potential
risk factors to help identify high risk subgroups (i.e., gender,
race, and body mass index (BMI)) that may require particu-
lar attention. This information will expand our understanding
of the clinical importance of LLI in the population and
suggest potential areas for intervention.MethodsSTUDY PARTICIPANTSJoCo OA is an ongoing, community-based study of knee and hip OA in
African American and Caucasian residents in a rural county in North
Carolina. Details of this study have been reported previously16,17. This study
involved civilian, non-institutionalized adults aged 45 years and older who
resided in six townships in Johnston County. Participants were recruited
by probability sampling, with over-sampling of African Americans. A total of
3187 individuals were recruited between May 1991 and December 1997,
and all participants completed a baseline clinical evaluation17. A total of
3012 participants with complete knee symptoms data and 3007 participants
with complete hip or groin symptoms data were included in this cross-
sectional analysis.LIMB LENGTH MEASUREMENTWith the participant in the supine position, right and left lower extremity
lengths were measured with a tape measure in centimeters (cm) between
two deﬁned bony landmarks: the anterior superior iliac spine (ASIS) and
the distal medial malleolus. Inter-tester reliability of r¼ 0.98 and an intra-tes-
ter reliability from r¼ 0.89e0.95 have been reported for this measurement
technique18. Friberg et al.19 reported that the mean difference in tape mea-
sured LLI was 8.6 mm (1.1 mm intra-tester mean error) compared with
a gold standard of radiographs. LLI was deﬁned conservatively as
a 2.0 cm or greater difference in length between limbs to account for this po-
tential measurement error.CHRONIC KNEE AND HIP SYMPTOMSParticipants completed an interviewer-administered questionnaire in
which they answered ‘‘Yes’’ or ‘‘No,’’ separately for left and right knees
and left and right hips, to the question: ‘‘On most days do you have pain, ach-
ing or stiffness in your [left/right] [knee/hip]?’’ The presence of groin pain was
recorded for right and left sides. Participants were considered to have
chronic knee symptoms if they answered afﬁrmatively to the knee symptoms
question and to have chronic hip symptoms if they answered afﬁrmatively to
the hip symptoms question or reported groin pain. Participants with knee or
hip symptoms were categorized into mild, moderate, and severe symptoms
based on their response to the question: ‘‘Is the pain, aching or stiffness in
your [left/right] [knee/hip] mild, moderate, or severe?’’RADIOGRAPHIC ASSESSMENT OF OAAll participants completed bilateral anteroposterior radiography of the
knee with weight bearing. Women over 50 years of age and all men com-
pleted supine anteroposterior pelvic radiography. By protocol, 28 women
under the age of 50 years did not complete pelvic radiographs to limit radia-
tion exposure to their reproductive tissues, and thus, were excluded from hip
analyses controlling for radiographic hip OA. Radiographs were rated by
a single radiologist (JBR) using the KellgreneLawrence (K/L) radiographic
atlas for overall knee and hip radiographic grades20. As previously de-
scribed, inter-rater and intra-rater reliability for the radiologist were high
(weighted kappa for inter-rater reliability 0.86; kappa for intra-rater reliability
0.89)17. Radiographs without the features of OA were deﬁned as K/L grade
of 0 (normal ﬁndings). A minute radiographic osteophyte of doubtful patho-
logic signiﬁcance was assigned a K/L grade of 1 (questionable). Radio-
graphs showing an osteophyte without joint space narrowing were
assigned a K/L grade of 2 (mild). A moderate decrease of the joint space
was assigned a K/L grade of 3 (moderate). K/L grade 4 (severe) was deﬁned
as severe joint space narrowing with subchondral bone sclerosis20. The
presence of radiographic OA was deﬁned as a K/L grade 2.DEMOGRAPHIC AND CLINICAL CHARACTERISTICSThe following participant characteristics were examined as covariates in
our analyses because they may be associated with knee and hip symptoms:presence of radiographic OA in the joint of interest (K/L grade 2), as
described above; gender; self-reported race (African American or Cauca-
sian); age; history of knee joint problems (i.e., either knee injury [‘‘Have
you ever injured your right/left knee?’’] or knee fracture [‘‘Has a doctor
ever told you that you had broken or fractured your right/left knee?’’] or
and knee surgery [‘‘Have you ever had surgery on your right/left knee?’’]);
history of hip joint problems (i.e., either congenital hip problem [‘‘Has a doctor
ever told you that you had a problem with your right/left hip from birth or chi-
ldhood?’’] or hip injury [‘‘Have you ever injured your right/left hip?’’] or hip
fracture [‘‘Has a doctor ever told you that you had broken or fractured your
right/left hip?’’] or hip surgery [‘‘Have you ever had surgery on your right/
left hip?’’]); and BMI(calculated as weight in kilograms/height in meters
squared). Our questionnaire did not include items about fractures located
in parts of the limb other than the knee or hip. History of joint injuries, frac-
tures, and surgeries was combined into one category (history of joint prob-
lems) for both the knee and hip due to smaller numbers of observations.
Height without shoes was measured in cm and weight was measured in kilo-
grams (kg) using a balance beam scale.ANALYSISChi-square and t-tests were used to compare all demographic and clinical
characteristics (radiographic OA in the joint of interest, gender, race, age,
BMI, and history of knee/hip joint problems) by LLI status. Among partici-
pants with LLI, we used Chi-square tests to compare the presence of chronic
symptoms in the right longer vs left longer limb. Separate multiple logistic
regression models were used to examine the relationship of knee and hip
symptoms to LLI, while controlling for knee or hip OA in the joint of interest,
age, gender, race, BMI, and history of knee or hip problems. Using a forward
strategy, we included any statistically signiﬁcant interaction terms of LLI with
the other covariates. Multiple logistic regression models were used to
estimate the prevalence odds ratio (POR) of LLI with the outcomes of chronic
knee and hip symptoms, controlling for confounders. Additionally, separate
models were used to estimate the POR of LLI for chronic symptoms in any
knee, any hip, right knee, left knee, right hip, and left hip. In analyses exam-
ining left or right knee or hip symptoms, we examined one limb per person. At
least one limb per person was examined in analyses with any knee or hip
symptoms, without clustering by participant. Lastly, the relationship of LLI
with severity of symptoms (i.e., mild, moderateesevere, none) in the any,
right, or left knee or hip was explored. Statistical signiﬁcance was evaluated
at the P< 0.05 level. All statistical computations were performed using SAS
Version 9.1 software (SAS Institute, Cary, NC).Results
Among participants with complete knee or hip symptoms
data, few data for other variables were missing (nearly 5%),
and thus, we conducted a complete-case analysis. The
analytic groups for knee (3012 participants with a response
to knee symptom question) and hip (3007 participants with
a response to hip and/or groin symptom questions) were
similar in age (mean 62.6 years), sex (61.7% female),
race (68.1% Caucasian), and BMI (29.0) (Table I). Among
both samples, 206 (6.8%) participants had LLI 2 cm
(Table I). Compared to those without LLI, participants with
LLI in both the knee and hip analyses were signiﬁcantly
more likely to be older, have a higher mean BMI, report
symptoms most days in the knee or hip, have radiographic
knee or hip OA, and report a history of joint problems
(Table I).
Among all participants, 37.1% reported chronic symp-
toms for the right knee, 32.3% for the left knee, 31.2% for
the right hip, and 29.7% for the left hip. The left limb was
the longer limb in 65.5% of the 206 participants. There
were no statistically signiﬁcant differences in the frequency
of whether the right or the left limb was longer according to
location of knee or hip symptoms (Fig. 1).
There were no statistically signiﬁcant interaction terms
between LLI and radiographic OA, age, BMI, gender,
race, and history of problems in the knee or hip models.
In adjusted knee models controlling for covariates, partici-
pants with LLI were 41% more likely than those without
LLI to have knee symptoms (adjusted POR (aPOR)¼ 1.41,
95% conﬁdence interval [CI] 1.02e1.97) (Table II). In
Table I
Selected characteristics of the knee and hip samples, overall and by LLI
Participants with response to knee
symptom questions
Participants with response to hip/groin
symptom questions
Overall knee
sample
(N¼ 3012)
With LLI
(N¼ 206)
Without LLI
(N¼ 2806)
P-value Overall hip
sample
(N¼ 3007)
With LLI
(N¼ 206)
Without LLI
(N¼ 2801)
P-value
Presence of joint symptoms (%) 44.0 56.8 43.0 <0.01 40.6 49.5 40.0 0.09
Age (mean (SD)) years 62.6 (11.1) 65.0 (11.2) 62.4 (11.0) <0.01 62.6 (11.1) 65.0 (11.2) 62.4 (11.0) <0.01
Female (%) 61.7 62.1 61.7 0.90 61.7 62.1 61.7 0.90
Caucasian (%) 68.1 64.6 68.3 0.26 68.0 64.6 68.3 0.27
BMI (mean kg/m2 (SD)) 29.0 (6.0) 30.0 (7.3) 28.9 (5.9) <0.01 29.0 (6.0) 30.0 (7.3) 28.9 (5.9) <0.01
OA in joint (%) 29.7 46.8 28.4 <0.01 28.8 35.1 28.3 0.04
History of joint problems (%) 18.1 26.5 17.5 <0.01 8.4 16.8 7.8 <0.01
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than those without LLI to have hip symptoms (Table II),
although these differences were not statistically signiﬁcant.
Adjusting for other covariates, moderate-to-severe symp-
toms of either knee or hip were more prevalent in partici-
pants with LLI than without LLI, but these differences
were not statistically signiﬁcant (Table II).Discussion
In this community-based study, participants with LLI were
signiﬁcantly more likely to have knee symptoms compared
to participants without LLI, even when controlling for age,
BMI, gender, race, radiographic knee OA, and history of
knee joint problems. There was a similar but non-signiﬁcant
trend for hip symptoms. Additionally, comparable but non-
signiﬁcant trends were observed for left knee, right knee,
left hip, and right hip symptoms. Moderate-to-severe symp-
toms were more common in participants with LLI than with-
out LLI, though this was not statistically signiﬁcant in either
knee or hip joint. We cannot determine causality from this
cross-sectional study. Potentially, individuals with LLI could
functionally minimize the inequality by increasing knee ﬂex-
ion or hip adduction of the longer limb or hyperextending
the knee of the shorter limb21. The altered movement pat-
tern may amplify forces across lower extremity joints, and
the increased forces may contribute to or exacerbate symp-
toms in the joint. Alternatively, patients with joint symptoms
may modify their functional movements, resulting in short-
ening of tissues around the joints, contractures, or0
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Fig. 1. Proportion of sample with knee and hip symptoms, by laterality
frequency of left or right knee or hip symptoms baslimitations in range of motion that could appear as a func-
tional LLI.
Others studies have reported greater prevalence of knee
and hip symptoms in individuals with LLI, but these studies
did not adjust for radiographic OA or joint problems (i.e.,
injury, fracture, or surgery)11,13,14. Gofton14 noted the occur-
rence of cartilage degeneration and pain in the medial
compartment of the knee of the longer leg. In the present
study, we did not ﬁnd a statistically signiﬁcant relationship
between which limb was longer and the presence of knee
or hip symptoms. Brunet et al.13 reported that hip pain
was twice as common in male and female runners with
LLI compared to runners without LLI. McCaw11 also
reported that hip pain was linked to LLI in their study of
runners. Our results add to this literature by showing that
the association between LLI and joint symptoms may be
independent of radiographic OA. In addition, this study
conﬁrms the association of LLI with joint symptoms in
a larger and more general population of individuals than
prior studies. For some patients, correction of LLI may
reduce joint symptoms and associated disability. Since
there were no interactions between OA and LLI for right
or left knee or hip joints in our analyses, our ﬁndings may
be applicable to all groups (i.e., males and females, African
Americans and Caucasians, and obese and normal weight).
Strengths of this study include that it is community-based,
consists of African American and Caucasian men and
women, includes information on radiographic knee and
hip OA and the presence of knee and hip symptoms for
each study participant, and has a larger sample size than
other studies7e9,13,14.Our method for measuring LLI isLeft Hip Symptoms Right Hip Symptoms
er Right Limb Longer
of joint site and LLI. No statistically signiﬁcant differences in the
ed on whether the left or right limb is longer.
Table II
POR of symptoms among participants with and without LLI, by site
and severity of symptoms, adjusting for age, BMI, gender, race, and
radiographic OA and history of problems in joint of interest
LLI
(N¼ 206)
No LLI
(N¼ 2806)
Adjusted
POR
95% CI
Any knee symptoms (%) 56.8 43.0 1.41 1.02e1.97
Mild (%) 15.3 13.1 1.32 0.86e2.00
Moderateesevere (%) 41.4 29.9 1.29 0.90e1.84
Left knee symptoms (%) 40.8 31.2 1.25 0.90e1.74
Mild (%) 11.2 9.9 1.03 0.65e1.64
Moderateesevere (%) 29.6 21.3 1.13 0.80e1.61
Right knee symptoms (%) 47.8 35.9 1.28 0.93e1.76
Mild (%) 14.1 12.4 1.06 0.70e1.62
Moderateesevere (%) 33.7 23.5 1.25 0.90e1.74
N¼ 206 N¼ 2801
Any hip symptoms (%) 49.5 40.0 1.20 0.87e1.67
Mild (%) 13.3 11.0 1.16 0.72e1.85
Moderateesevere (%) 36.2 29.0 1.17 0.82e1.67
Left hip symptoms (%) 37.9 28.7 1.18 0.83e1.64
Mild (%) 8.3 7.4 1.11 0.58e2.11
Moderateesevere (%) 29.6 21.3 1.07 0.73e1.58
Right hip symptoms (%) 36.4 30.5 1.06 0.76e1.49
Mild (%) 7.8 7.9 0.91 0.48e1.74
Moderateesevere (%) 28.6 22.1 0.88 0.60e1.30
All models were adjusted for age, gender, race, BMI, radiographic
OA at the joint of interest and history of problems in the joint of inter-
est. The sum of the percents with mild, moderate, and severe symp-
toms may be less than total for that joint due to missing values.
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testers when compared to supine radiography, but is less
reliable compared to standing radiographs21,22. Sources of
error with tape measurement include difﬁculty with accu-
rately placing the tape measure on identical bilateral bony
landmarks, lower extremity girth differences affecting LLI
measurements, masking of LLIs observed in weight bearing
by measuring in the supine position, and exclusion of the
contributions of the foot and ankle to limb length22. We
deﬁned LLI categorically as discrepancies 2 cm to
account for these potential sources of error. In a prior report,
ASIS to medial malleolus measurements differed from
standing radiographic measurements by a mean difference
of 0.73 1.01 cm23. The use of an LLI of 1.5 cm with the
tape measurement technique has moderate inter-tester
reliability (post-standardization prevalence-adjusted bias-
adjusted kappa¼ 0.72)24. Accordingly, we believe our
deﬁnition of LLI is conservative and clinically relevant since
subjects with supine tape measurement differences
between limbs 2 cm would likely demonstrate a LLI in
standing. Misclassiﬁcation of LLI is possible with our mea-
surement technique, and with our conservative deﬁnition,
those who truly had LLI may have been misclassiﬁed as
having no LLI in our analyses. This misclassiﬁcation would
have resulted in an underreporting of true LLI, biasing
estimates towards the null.
Results of this community-based study may have impor-
tant clinical implications for patients seeking treatment for
knee or hip symptoms. Our results suggest a notable asso-
ciation between knee and hip symptoms and LLI, even
when controlling for the presence of OA and history of joint
problems. Physical examinations of patients reporting knee
or hip symptoms should include evaluation of LLI. Shoe in-
serts may be simple, non-invasive, and inexpensive treat-
ment options for patients with knee or hip symptoms.
Previous studies have shown that shoe lifts appear to
reduce pain and disability in patients with LLI and chronicpain conditions, such as low back pain and hip
pain7,14,25e27. Studies are needed to examine whether
shoe lifts may be a helpful intervention for relief of pain
and improvement in physical function in patients with LLI
and knee symptoms.Conﬂict of interest
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